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Abstract
Background: Premature death from suicide is a leading cause of death worldwide. However, the pattern and risk
factors for suicide and other external cause injuries are not well understood. This study investigates mortality from
suicide and other injuries and associated risk factors in China.
Methods: A prospective cohort study of 169,871 Chinese adults aged 40 years and older was conducted. Mortality
due to suicide or other external cause injuries was recorded.
Results: Mortality from all external causes was 58.7/100,000 (72.3 in men and 44.4 in women): 14.1/100,000 (14.2 in
men and 14.2 in women) for suicide and 44.6/100,000 (58.1 in men and 30.2 in women) for other external cause
injuries. Transport accidents (17.2/100,000 overall, 23.4 in men and 10.8 in women), accidental poisoning (7.5/
100,000 overall, 10.2 in men and 4.8 in women), and accidental falls (5.7/100,000 overall, 6.5 in men and 5.0 in
women) were the three leading causes of death from other external cause injuries in China. In the multivariable
analysis, male sex (relative risk [RR] 1.56, 95% confidence interval [CI] 1.03-2.38), age 70 years and older (2.27, 1.29-
3.98), living in north China (1.68, 1.20-2.36) and rural residence (2.82, 1.76-4.51) were associated with increased
mortality from suicide. Male sex (RR 2.50, 95% CI 1.95-3.20), age 60-69 years (1.93, 1.45-2.58) and 70 years and older
(3.58, 2.58-4.97), rural residence (2.29, 1.77-2.96), and having no education (1.56, 1.00-2.43) were associated with
increased mortality from other external cause injuries, while overweight (0.60, 0.43-0.83) was associated with
decreased risk of mortality from other external cause injuries.
Conclusions: External cause mortality has become a major public health problem in China. Developing an
integrated national program for the prevention of mortality due to external cause injuries in China is warranted.
Background
Premature death from suicide is among the leading
causes of death in the world [1]. Given the large popula-
tion size, China constitutes about one fifth of all suicides
[1]. Phillips and colleagues reported a suicide mortality
rate of 23 per 100,000 or 287,000 deaths due to suicide
annually in China for 1995-1999 [2]. This estimate is
conservative compared to the suicide mortality rates of
30.3 and 31.0 per 100,000 for China in 1990 and 2000
respectively, as estimated by the Global Burden of
Disease study [3]. In most countries, mortality rates due
to suicide are higher among men than women [4].
However, this relationship is reversed in China, with sui-
cide fatalities being more common among women than
men [2,5-7]. In addition, some studies have demon-
strated greater mortality due to suicide in rural areas
than urban areas in China [2,5-8]. This unique pattern
of suicide in China is attracting attention and requires
further investigation.
The sociocultural understanding of suicide in China
differs from that in the US. In China, attitudes towards
suicide vary from tolerance to condemnation based on
sociodemographic characteristics [9,10]. Some investiga-
tors found that approval of suicide is inversely asso-
ciated with satisfaction of economic status [11,12].
Suicide is perhaps partly socially-sanctioned in China as
a means to deal with social, economic, political, or
moral adversity, particularly for Chinese women [6,10].
The sociocultural understanding and risk factors for
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and interpersonal conflict than mental illness [13].
Injuries also constitute a significant public health pro-
blem. Approximately 5.8 million people worldwide die
each year and even more people become disabled as a
result of injuries [1]. Accidents are estimated to be the
sixth leading cause of death after heart disease, cancer, cer-
ebrovascular disease, pneumonia and influenza, and infec-
tious diseases in China [14]. The leading causes of fatal
unintentional injuries both worldwide and in China speci-
fically are road traffic accidents, drowning, and falls [1].
Several studies have reported mortality from suicide
and other external injuries in China based on regional
data or government reports [1,2,5,15]. We conducted a
large, prospective cohort study involving a representative
sample of the general adult population 40 years of age
and older to examine mortality and risk factors for sui-
cide and other external cause injuries in China. A better
understanding of the magnitude of mortality from sui-
cide and other external injuries will provide scientific
basis for effective prevention efforts in China.
Methods
Study population
In the 1991 China National Hypertension Survey, a mul-
tistage random cluster sampling design was used to select
a representative sample of the general Chinese popula-
tion aged 15 years and older from all 30 provinces in
mainland China [16]. In 1999-2000, investigators from
each province were invited to participate in the China
National Hypertension Survey Epidemiology Follow-up
study. Of the 30 provinces, 13 were not included in the
follow-up study because study participants’ contact infor-
mation was not available. However, the sampling process
was conducted independently within each province in
the 1991 China National Hypertension Survey and the 17
provinces that were included in the follow-up study were
evenly distributed in different geographic regions of
China representing various stages of economic develop-
ment. From the 17 provinces, 169,871 study participants
(83,533 men and 86,338 women) aged 40 years or older
at their baseline examination were eligible for the follow-
up study. The baseline characteristics of study partici-
pants from the 17 provinces eligible for the follow-up
study were similar to those in the 13 excluded provinces.
From this population, a total of 158,666 (93.4%) study
participants (or their proxies) were identified and inter-
viewed in the follow-up study. Participants included in
the final analysis were not different from the eligible
study population regarding their baseline characteristics.
Baseline examination
I n1 9 9 1 ,b a s e l i n ed a t aw e r ec o l l e c t e dd u r i n gas i n g l e
clinic visit by specially trained physicians and nurses
using standardized methods with a stringent level of
quality control. Data on demographic characteristics,
medical history, and lifestyle risk factors were obtained
using a standardized questionnaire administered by
trained staff. Employment status was categorized as
unemployed, labor worker (including peasant, herdsman,
fisherman, factory worker, and other labor worker) and
office worker (including professional, manager, clerk and
service worker). Education was classified as none, less
than high school education, and some high school edu-
cation or higher. Cigarette smokers were defined as hav-
ing smoked at least one cigarette per day for one or
more years. Alcohol consumption was defined as drink-
ing alcohol at least 12 times during the last year. Body
weight and height were measured in light indoor cloth-
ing without shoes, using a standard protocol. Body mass
index (BMI) was then calculated as weight in kilograms
divided by height in meters squared. Participants were
classified as underweight (BMI <18.5 kg/m
2), normal
weight (BMI 18.5-25 kg/m
2), or overweight and obese
(BMI ≥25 kg/m
2) [17].
Follow-up data collection
The follow-up study was conducted between 1999 and
2000 to obtain information on vital status and incidence
of selected diseases (vascular disease and cancer). The
follow-up study included tracking study participants or
their proxies to a current address, performing in-depth
interviews to ascertain disease status and vital informa-
tion, and obtaining hospital records and death certifi-
cates. Of all deaths reported, vital information was
provided by family members (75.0%), primary-care phy-
sicians (12.6%), other healthcare providers (3.8%), and
others (employers, relatives or friends, 8.5%). If death
occurred while a participant was hospitalized, the parti-
cipant’s hospital record, including medical history, find-
ings from physical examination, laboratory findings,
autopsy findings, and discharge diagnosis, was abstracted
by trained staff using a standard form. If death occurred
outside of the hospital, a detailed medical history was
obtained from a family member or healthcare provider.
Participants’ previous medical records were also
obtained if available. The majority of deaths (98.6%)
reported during follow-up were verified by death certifi-
cates and/or medical records.
A study-wide endpoint assessment committee
reviewed medical history information and death certifi-
cates and determined the final underlying cause of
death. Two committee members independently verified
the diagnosis, and discrepancies were adjudicated by dis-
cussion involving additional committee members. All
committee members were blinded to the study partici-
pant’s baseline risk factor information. For the present
analysis, there was perfect agreement between cause of
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tificates. Causes of death were coded according to the
International Classification of Diseases, Ninth Revision
(ICD-9). Suicide and self-inflicted injury were coded as
E950-E959. Other external cause injuries included trans-
port accidents (E800-E848), accidental poisoning (E850-
E869), misadventures to patients during surgical and
medical care (E870-E879), accidental falls (E880-E888),
accidents caused by fire and flames (E890-E899), acci-
dents due to natural and environmental factors and
accidents due to being struck by a falling object (E900-
E909, E916), accidental drowning (E910), and homicide
and injuries due to legal intervention (E960-E978).
The current study was approved by the Tulane Uni-
versity Health Sciences Center Institutional Review
Board and the Cardiovascular Institute and Fu Wai Hos-
pital Ethics Committee. Written documentation of
informed consent was obtained from all study partici-
pants at their follow-up visit.
Statistical analysis
Person-years were calculated from the baseline until
death or follow-up interview. Deaths from suicide and
other external cause injuries were grouped according to
sex and 5-year age categories. Age-standardized mortal-
ity was calculated using the 5-year age-specific mortality
and age distribution from 2000 census data for China.
Age-standardized cause-specific mortality was calculated
separately for the following categories: gender, urban vs.
rural residence, northern vs. southern residence, BMI
categories, employment status, education level, and
drinking and smoking habits. Cox proportional hazards
regression models were used to estimate the relative risk
of death by risk factors. Age- and multivariable-adjusted
relative risks (RR) with 95% confidence intervals (CI)
and 2-sided P values were calculated. In multivariable
models, age, gender, geographic region (north vs. south),
and urbanization (urban vs. rural) were adjusted. Miss-
ing data were imputed using linear regression for body
mass index, education level, and smoking and drinking
status. There was no significant difference when
imputed data were included or excluded.
Results
During a mean follow-up of 8.3 years (1,239,191 person-
years), a total of 788 external cause deaths were docu-
mented (197 deaths from suicide, and 591 deaths from
other external cause injuries) among the 158,666 study
participants. Age-standardized mortality from overall
external cause injuries, suicide, and other external cause
injuries are presented in Table 1. The age-standardized
mortality of overall external cause injuries was 58.7 per
100,000 (14.1 for suicide and 44.6 for other external
cause injuries). The age-standardized mortality from
suicide was similar in men and women while mortality
from other external cause injuries was higher in men than
in women. With increasing age, mortality from suicide
and other external cause injuries significantly increased.
Underweight people (BMI <18.5 kg/m
2)h a dt h eh i g h e s t
mortality and overweight people (BMI ≥ 25 kg/m
2)h a d
the lowest mortality from suicide and other external cause
injuries. Mortality from other external causes was higher
among individuals who lived in south China than those
who lived in north China while mortality from suicide was
similar in north and south China. Rural residents had
higher mortality from suicide and other external cause
injuries than urban residents. With respect to employment
status, laborers and unemployed persons had higher mor-
tality from suicide than office workers. Individuals without
any schooling had highest mortality and those who went
to high school or attained a higher education level had
lowest mortality from suicide and other external cause
injuries. Individuals who smoked or consumed alcohol
had higher mortality from other external cause injuries
than those who did not.
The age-specific mortality rates for suicide and other
external cause injuries by gender are shown in Figure 1.
For suicide, men had higher mortality than women
before 60 years of age; however, the mortality reversed
after 60 years of age. For other external cause injuries,
men had higher mortality than women consistently
across all age groups. In addition, mortality increased
dramatically after 60 years of age for both suicide and
other external cause injuries.
The mortality rates from suicide and other external
cause injuries by gender are shown in Figure 2 accord-
ing to urbanization (urban vs. rural). Rural areas had
higher mortality than urban areas for both suicide and
other external cause injuries. For suicide, mortality of
rural men was 5.5 times higher than that of urban men
while mortality of rural women was 4 times higher than
that of urban women. For other external cause injuries,
mortality of rural men was 3.5 times higher than that of
urban men while mortality of rural women was 2.2
times higher than that of urban women.
The major causes of mortality from external injuries
are shown in Figure 3. While suicide mortality rates are
equal for men and women, mortality due to each of the
other external cause injuries is consistently higher
among men than women. The highest other external
cause mortality rate is due to transport accidents fol-
lowed by accidental poisoning, accidental falls, acciden-
tal drowning, accidents due to natural or environmental
causes, homicide and legal intervention, accidents
caused by fire and flames, and from misadventures to
patients during surgical and medical care. The percen-
tage of total external causes deaths were 28.8% from
transport accidents, 25.0% from suicides, 13.1% from
Rebholz et al. BMC Public Health 2011, 11:56
http://www.biomedcentral.com/1471-2458/11/56
Page 3 of 10accidental poisoning, 10.7% from accidental falls, 7.6%
from accidental drowning, 7.5% from accidents due to
natural and environmental factors, 3.4% from homicide
and legal intervention, 2.2% from accidents caused by
fire and flames, and 1.8% from misadventures to patients
during surgical and medical care.
Age- and multivariable-adjusted RRs (95% CI) for
death due to suicide and other external cause injuries
are presented in Table 2. For example, in the multivari-
able-adjusted models, older age, living in north China,
and rural residence were associated with increased risk
of mortality from suicide. Male sex, older age, rural resi-
dence, being underweight, and having less than a high
school education or no education were associated with
increased risk of mortality from other external cause
injuries, while being overweight or obese was associated
with decreased risk of mortality from other external
cause injuries in multivariable-adjusted models.
In the multivariable model which included all variables
of interest simultaneously (Table 3), male sex, older age,
Table 1 Age-Standardized Mortality from Overall External Cause Injuries, Suicide and Other External Cause Injuries,
China, 1991-1999
Sociodemographic
characteristics
Overall external cause injuries Suicide Other external cause injuries
No. of
death
Age-standardized
rate/100 000 person-
year
P
value
(trend)
No. of
death
Age-standardized
rate/100 000 person-
year
P
value
(trend)
No. of
death
Age-standardized
rate/100 000 person-
year
P
value
(trend)
Total 788 58.7 197 14.1 591 44.6
Sex
Female 306 44.4 99 14.2 207 30.2
Male 482 72.3 <0.0001 98 14.2 0.66 384 58.1 <0.0001
Age (years)
40-49 196 27.2 56 7.2 140 20.0
50-59 175 32.1 49 9.4 126 22.6
60-69 216 55.4 46 11.7 170 43.7
≥ 70 201 266.3 <0.0001 46 32.6 <0.0001 155 233.7 <0.0001
BMI category (kg/m
2)
≥ 25 82 30.7 20 6.6 62 24.1
18.5-24.9 485 63.1 120 14.7 365 48.4
<18.5 137 96.1 <0.0001 32 23.5 <0.0001 105 72.5 <0.0001
Region
South 357 61.5 82 14.6 275 46.9
North 431 56.7 0.03 115 13.7 0.96 316 43.0 0.02
Urbanization
Urban 224 31.1 45 5.4 179 25.7
Rural 564 94.9 <0.0001 152 25.3 <0.0001 412 69.6 <0.0001
Employment status
Office worker 49 41.6 8 3.6 41 37.9
Unemployed 273 73.1 65 20.9 208 52.2
Labor worker
† 317 81.0 0.08 84 19.7 0.02 233 61.3 0.53
Education
At least some
HS
61 25.6 12 3.9 49 21.7
Less than HS 272 61.3 60 12.4 212 48.9
None 374 73.3 <0.0001 100 20.9 <0.0001 274 52.4 <0.0001
Smoking
Never 379 48.0 103 12.8 276 35.2
Ever smoker 326 75.6 <0.0001 67 14.3 0.57 259 61.3 <0.0001
Drinking
Never 528 53.3 136 13.6 392 39.7
Drinker 177 80.6 <0.0001 34 12.7 0.79 143 67.9 <0.0001
Abbreviations: BMI = body mass index; HS = high school.
† Labor worker includes peasant, herdsman, fisherman, factory worker, and other labor worker; office worker includes professional, manager, clerk and service
worker.
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Figure 1 Age-Specific Mortality Rates of Suicide and Other External Cause Injuries by Gender, China, 1991-1999.
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Page 5 of 10living in north China, and rural residence increased the
risk of mortality from suicide. Male sex, older age, rural
residence, and having no education were associated with
increased risk of mortality from other external cause
injuries, whereas overweight or obese status was asso-
ciated with decreased risk of other external cause injury
mortality.
Discussion
The current study documents death due to external
causes as a major public health challenge in China,
reporting an overall mortality rate of 58.7 deaths per
100,000 Chinese residents annually. These estimates
include 14.1 and 44.6 deaths (per 100,000) due to sui-
cide and other external cause injuries, respectively.
Notably, and in contrast to previous findings, we identi-
fied male gender as an important predictor of increased
suicide mortality. Other risk factors for suicide included
older age and residency in rural and North China.
Transport accidents, accidental poisoning, and acciden-
tal falls were the leading causes of other external cause
injuries in China. Male gender, older age, rural resi-
dence, and having no education were associated with
increased mortality from other external cause injuries,
while overweight appeared to decrease mortality from
other external cause injuries. The present results
emphasize the importance of death from external cause
injury and highlight the need for a public health
response focusing on its prevention in the Chinese
population.
Suicide is a major cause of premature death and thus
is an important public health issue worldwide, particu-
larly in China. In this study, we estimated suicide mor-
tality to be 14.1 per 100,000, which is lower than
previous reports potentially due to the exclusion of
younger individuals in our study. Phillips’ study reported
an average suicide mortality rate of 23 per 100,000
yearly during the period of 1995-1999 in China [2]. Yip
and colleagues document a decrease in suicide mortality
from 22.9 in 1991 to 15.4 per 100,000 in 2000 [9]. Qin
and colleagues projected national suicide rates of 17.7-
22.6 per 100,000 during the period of 1987-1994 [5]. All
of the previous studies used vital statistical data pro-
vided by the Chinese Ministry of Health [2,5,15]. Due to
the lack of a national death registration system, the
validity of these data could not be confirmed. To the
best of our knowledge, the current study is the first
large prospective study conducted in China to estimate
suicide mortality in a nationally representative adult
population.
Our study showed that suicide was 2.8 times more
common in rural areas than in urban areas. Similar find-
i n g sh a v eb e e ns h o w ni no t h e rs t u d i e si nC h i n aa n di n
other populations across the world [2,5,7,8,15,18]. Some
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Page 6 of 10factors associated with living in a rural environment that
may contribute to an increased suicide rate include
lower socioeconomic status, traditional belief system,
and less developed social networks [5,19]. Easier access
to highly poisonous agents such as pesticides and more
difficult access to health services in rural China could
lead to a higher proportion of completed suicide
attempts [2,6].
Notably, we found a slight increase risk of suicide for
men after adjusted for multiple co-variables. In our
study, suicide mortality is higher for men in middle-age
groups (<60 years) and higher for women in the older
age groups (≥60 years). By urbanization, suicide mortal-
ity for rural men exceeds that of rural women, whereas
this relationship is reversed in urban areas. The majority
of the literature identifies China as being one of few
countries with a higher suicide rate for women than
men, which seems to be primarily attributable to an
excess of suicide fatalities among younger women resid-
ing in rural areas [2,5-7,9]. Younger persons (<40 years),
however, were excluded from our study. The findings of
Parker and colleagues also show an increase in the male
Table 2 Age Adjusted and Multivariable Adjusted Relative Risk According to Suicide and Other External Cause Injuries,
China, 1991-1999
Sociodemographic characteristics Suicide (n = 197) Other external cause injuries (n = 591)
Age-adjusted Multivariable-adjusted
* Age-adjusted Multivariable-adjusted
*
RR 95% CI p-value RR 95% CI p-value RR 95% CI p-value RR 95% CI p-value
Sex
Female 1.00 reference 1.00 reference 1.00 reference 1.00 reference
Male 1.03 0.78-1.36 0.83 1.15 0.87-1.52 0.34 1.93 1.63-2.29 <0.0001 2.19 1.85-2.60 <0.0001
Age (years)
40-49 1.00 reference 1.00 reference 1.00 reference 1.00 reference
50-59 1.01 0.69-1.49 0.95 1.09 0.74-1.60 0.66 1.04 0.82-1.33 0.73 1.11 0.87-1.42 0.39
60-69 1.46 0.99-2.16 0.06 1.56 1.05-2.31 0.03 2.17 1.74-2.72 <0.0001 2.28 1.82-2.86 <0.0001
≥ 70 3.34 2.26-4.94 <0.0001 3.60 2.43-5.34 <0.0001 4.55 3.62-5.72 <0.0001 4.84 3.84-6.09 <0.0001
Region
South 1.00 reference 1.00 reference 1.00 reference 1.00 reference
North 0.97 0.73-1.29 0.84 1.41 1.05-1.89 0.02 0.78 0.67-0.92 <0.01 1.06 0.89-1.25 0.53
Urbanization
Urban 1.00 reference 1.00 reference 1.00 reference 1.00 reference
Rural 4.43 3.18-6.18 <0.0001 3.97 2.72-5.79 <0.0001 3.04 2.55-3.62 <0.0001 3.02 2.47-3.70 <0.0001
BMI category (kg/m
2)
< 18.5 1.59 1.07-2.34 0.02 1.22 0.81-1.82 0.34 1.72 1.38-2.13 <0.0001 1.14 0.91-1.43 0.26
18.5-24.9 1.00 reference 1.00 reference 1.00 reference 1.00 reference
≥ 25 0.46 0.28-0.73 <0.01 0.66 0.40-1.08 0.10 0.46 0.35-0.61 <0.0001 0.69 0.52-0.92 0.01
Employment status
Office worker 1.00 reference 1.00 reference 1.00 reference 1.00 reference
Labor worker* 4.72 2.28-9.74 <0.0001 1.41 0.62-3.22 0.41 2.56 1.84-3.56 <0.0001 1.20 0.81-1.76 0.37
Unemployed 5.33 2.56-11.1 <0.0001 1.93 0.85-4.41 0.12 3.34 2.39-4.67 <0.0001 1.32 0.89-1.95 0.16
Education
At least some HS 1.00 reference 1.00 reference 1.00 reference 1.00 reference
Less than HS 2.87 1.55-5.34 <0.01 1.55 0.80-3.01 0.20 2.48 1.82-3.38 <0.0001 1.54 1.10-2.14 0.01
None 5.90 3.24-10.8 <0.0001 2.00 0.98-4.06 0.06 3.96 2.92-5.37 <0.0001 1.79 1.24-2.57 <0.01
Smoking
Never 1.00 reference 1.00 reference 1.00 reference 1.00 reference
Ever smoker 1.07 0.78-1.45 0.69 0.93 0.64-1.35 0.71 1.54 1.30-1.82 <0.0001 1.09 0.89-1.33 0.41
Drinking
Never 1.00 reference 1.00 reference 1.00 reference 1.00 reference
Drinker 1.00 0.69-1.45 0.99 0.91 0.59-1.38 0.64 1.46 1.20-1.77 <0.0001 1.11 0.90-1.38 0.32
RR = relative risk; CI = confidence interval; BMI = body mass index; HS = high school.
* Multivariable adjusted RR was calculated by adjusting for age, sex, region (north vs. south), and urbanization (urban vs. rural). Models included stratification by
province to adjust for cluster sampling, except for the model for which region (north vs. south) was the main study variable.
† Labor worker includes peasant, herdsman, fisherman, factory worker, and other labor worker; office worker includes professional, manager, clerk and service
worker.
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Page 7 of 10to female ratio for suicide in Singapore during the
1990s, with a relatively greater decrease for females, and
especially among the Chinese [20].
The elderly are particularly susceptible to suicide
[6,21]. In the present study, suicide rates dramatically
increased with age. Suicide risk among the elderly could
be a consequence of increased terminal illness, disability,
and depression [6,22,23]. With regard to other suicide
risk factors that have been suggested in prior studies
[7,13,24,25], although we found significant associations
between BMI, employment and education with suicide,
these were not significant after adjustment. In addition,
we document residence in north China as a risk factor
and found that smoking and drinking habits were not
related to suicide.
Transport injuries rank among the leading causes of
death worldwide [1]. Among transport injuries, motor
vehicle accidents are responsible for the majority of
deaths, particularly in younger age groups [2]. In our
study, transport accidents accounted for the majority
(28.8%) of overall external cause fatalities. Accidental
drowning, falls, and poisoning are also major causes of
injury death, which is consistent with the World Health
Organization Global Burden of Disease estimates [1]. It
is possible that some suicides committed by ingesting
poison such as pesticides were misclassified as
Table 3 Multivariable Adjusted Relative Risk of Suicide and Other External Cause Injuries in China, 1991-1999*
Sociodemographic characteristics Suicide (n = 197) Other external cause (n = 591)
Multivariable adjusted Multivariable adjusted
RR 95% CI p-value RR 95% CI p-value
Sex
Female 1.00 reference 1.00 reference
Male 1.56 1.03-2.38 0.04 2.50 1.95-3.20 <0.0001
Age (years)
40-49 1.00 reference 1.00 reference
50-59 0.90 0.58-1.41 0.65 1.11 0.85-1.45 0.47
60-69 1.11 0.67-1.84 0.69 1.93 1.45-2.58 <0.0001
≥ 70 2.27 1.29-3.98 <0.01 3.58 2.58-4.97 <0.0001
Region
South 1.00 reference 1.00 reference
North 1.68 1.20-2.36 <0.01 1.09 0.90-1.31 0.38
Urbanization
Urban 1.00 reference 1.00 reference
Rural 2.82 1.76-4.51 <0.0001 2.29 1.77-2.96 <0.0001
BMI category (kg/m
2)
< 18.5 1.19 0.79-1.79 0.42 1.10 0.87-1.39 0.41
18.5-24.9 1.00 reference 1.00 reference
≥ 25 0.61 0.35-1.08 0.09 0.60 0.43-0.83 <0.01
Employment status
Office worker 1.00 reference 1.00 reference
Labor worker
† 1.33 0.54-3.26 0.54 0.96 0.63-1.48 0.87
Unemployed 1.70 0.68-4.21 0.26 1.25 0.81-1.91 0.32
Education
At least some HS 1.00 reference 1.00 reference
Less than HS 1.40 0.59-3.32 0.45 1.34 0.89-2.02 0.16
None 1.92 0.78-4.76 0.16 1.56 1.00-2.43 0.05
Smoking
Never 1.00 reference 1.00 reference
Ever smoker 0.81 0.55-1.21 0.31 1.02 0.82-1.27 0.84
Drinking
Never 1.00 reference 1.00 reference
Drinker 1.11 0.72-1.71 0.65 1.05 0.84-1.32 0.67
RR = relative risk; CI = confidence interval; BMI = body mass index; HS = high school.
* All variables for which values are listed are included in the model.
† Labor worker includes peasant, herdsman, fisherman, factory worker, and other labor worker; office worker includes professional, manager, clerk and service
worker.
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Page 8 of 10accidental poisoning deaths, thereby overestimating the
number of deaths due to accidental poisoning and
underestimating the number of deaths due to suicide.
However, mortality from all external causes should be
accurate because both suicide deaths and other external
cause injuries were examined in the current study.
The overall mortality due to other external cause inju-
ries was 44.6 per 100 000 in the study population. Men
had a higher rate of mortality due to other external
cause injuries compared to women. Elderly persons are
particularly vulnerable to death resulting from injury
due to increased susceptibility to complications and
given that there is poor access to medical care in rural
C h i n a[ 2 6 ] .I na d d i t i o nt oa g ea n ds e x ,o t h e rs o c i o -
demographic factors and health behaviors, such as urba-
nization and being uneducated, are related to injuries
after accounting for covariates. Being overweight was
associated with lower risk of death due to other external
cause injuries in this study population.
The principal strength of our study is its prospective
cohort design and large, national representative sample.
Due to the lack of a complete death registry, accurate
estimates of mortality from external cause injuries in
China were not previously available. Given the sampling
methods employed, these results can be generalized to
the overall Chinese population and possibly to other
countries with similar characteristics. Furthermore,
accuracy of cause of death was ensured by death certifi-
cates and/or hospital records in our study. We examined
the association of socio-demographic risk factors that
were not investigated in previous studies, such as BMI
category, employment status, education level, smoking
and drinking on mortality from external cause injuries
in China.
Due to the national representativeness of this study,
the identification of demographic factors and other
characteristics can be used to develop national programs
for the prevention of external cause injury mortality. For
the prevention of injuries and violence, the World
Health Organization advises enforcement of seat-belt
use and helmets, restricting access to means of commit-
ting suicide such as pesticides, limiting access to bodies
of water, improving health services for victims of injury
and violence and developing crisis centers [27,28]. In a
systematic review of suicide prevention programs world-
wide, physician education and reducing access to lethal
means to commit suicide were found to prevent suicide
[29]. Continued research to assess patterns in rates of
suicide and other external cause injuries and to evaluate
prevention programs is warranted.
Conclusions
Suicide and other external cause injuries are major pub-
lic health problems in China. National prevention
programs should be established to reduce mortality bur-
den from external cause injuries in China.
Acknowledgements
This study was supported by an American Heart Association national grant-
in-aid (9750612 N); a National Heart, Lung, and Blood Institute of the
National Institutes of Health grant (U01-HL072507); a Beijing Ministry of
Health grant (1999-272); and a Beijing Ministry of Science and Technology
grant (2006BAI01A01).
Author details
1Department of Epidemiology, Tulane University School of Public Health and
Tropical Medicine, 1440 Canal Street, Suite 2000, New Orleans, LA 70112, USA.
2Department of Medicine, Tulane University School of Medicine, 1430 Tulane
Avenue, SL-12, New Orleans, LA 70112, USA.
3Department of Evidence Based
Medicine, Cardiovascular Institute and Fu Wai Hospital, Chinese Academy of
Medical Sciences and Peking Union Medical College, and National Center for
Cardiovascular Disease, 167 Beilishi Road, Beijing 100037, PR China.
Authors’ contributions
DG and JH are principal investigators. DG, XW, JC, and JH designed the
study. DG, XW, J-FH, J-CC, XD, and JH oversaw data collection. Analysis was
undertaken by CMR, WY, and C-SC under supervision of JH. CMR, WY and JH
drafted the paper. All authors contributed to the interpretation of the data
and have approved the final version. JH is the guarantor for the study.
Competing interests
The authors declare that they have no competing interests.
Received: 16 June 2010 Accepted: 27 January 2011
Published: 27 January 2011
References
1. World Health Organization: The Global Burden of Disease 2004 Update,
Geneva 2008.
2. Phillips MR, Li X, Zhang Y: Suicide rates in China, 1995-99. Lancet 2002,
359:835-840.
3. Murray CJL, Lopez AD, (Eds): The Global Burden of Disease: a comprehensive
assessment of mortality and disability from diseases, injuries, and risk factors in
1990 and projected to 2020 Cambridge (USA): Harvard University Press; 1996.
4. Hawton K: Sex and suicide: gender differences in suicidal behavior. Br J
Psychiatry 2000, 177:484-485.
5. Qin P, Mortensen PB: Specific characteristics of suicide in China. Acta
Psychiatr Scand 2001, 103:117-121.
6. Ji J, Kleinman A, Becker AE: Suicide in contemporary China: a review of
China’s distinctive suicide demographics in their sociocultural context.
Harv Rev Psychiatry 2001, 9(1):1-12.
7. Vijayakumar L, John S, Pirkis J, Whiteford H: Suicide in developing
countries (2). Risk factors. Crisis 2005, 26:12-19.
8. Hirsch JK: A review of the literature on rural suicide. Risk and protective
factors, incidence, and prevention. Crisis 2006, 27:189-199.
9. Pritchard C: Suicide in the People’s Republic of China categorized by age
and gender: evidence of the influence of culture on suicide. Acta
Psychiatrica Scand 1996, 93:362-367.
10. Lee S, Tsang A, Li XY, Phillips MR, Kleinman A: Attitudes toward suicide
among Chinese People in Hong Kong. Suicide Life Threat Behav 2007,
37:565-575.
11. Stack S, Cao L: The effect of financial satisfaction on female suicide
attitudes in China. Omega 1998, 36:161-167.
12. Moniruzzaman S, Andersson R: Relationship between economic
development and suicide mortality: a global cross-sectional analysis in
an epidemiological transition perspective. Public Health 2004, 118:346-348.
13. Phillips MR, Yang G, Zhang Y, Wang L, Ji H, Zhou M: Risk factors for
suicide in China: a national case-control psychological autopsy study.
Lancet 2002, 360:1728-1736.
14. He J, Gu D, Wu X, Reynolds K, Duan X, Yao C, Wang J, Chen CS, Chen J,
Wildman RP, Klag MJ, Whelton PK: Major causes of death among men
and women in China. NEJM 2005, 353:1124-1134.
Rebholz et al. BMC Public Health 2011, 11:56
http://www.biomedcentral.com/1471-2458/11/56
Page 9 of 1015. Yip PS, Liu KY, Hu JP, Song XM: Suicide rates in China during a decade of
rapid social changes. Soc Psychiatry Psychiatr Epidemiol 2005, 40:792-798.
16. Wu X, Duan X, Gu D, Hao J, Tao S, Fan D: Prevalence of hypertension and
its trends in Chinese populations. Int J Cardiol 1995, 52:39-44.
17. Heart National, Lung, and Blood Institute: Clinical Guidelines on the
Identification, Evaluation, and Treatment of Overweight and Obesity in Adults–
The Evidence Report Rockville, MD: National Institutes of Health; 1998, NIH
publication no. 98-4083.
18. Singh GK, Siahpush M: Increasing rural-urban gradients in US suicide
mortality, 1970-1997. Am J Public Health 2002, 92:1161-1167.
19. Judd F, Cooper AM, Fraser C, Davis J: Rural suicide - people or place
effects? Aust N Z J Psychiatry 2006, 40(3):208-216.
20. Parker G, Yap HL: Suicide in Singapore: a changing sex ratio over the last
decade. Singap Med J 2001, 42:11-14.
21. Pritchard C, Baldwin DS: Elderly suicide rates in Asian and English-
speaking countries. Acta Psychiatr Scand 2002, 105:271-275.
22. Tsoh J, Chiu HF, Duberstein PR, Chan SS, Chi I, Yip PS, Conwell Y:
Attempted suicide in elderly Chinese persons: a multi-group, controlled
study. Am J Geriatr Psychiatry 2005, 13(7):562-571.
23. Ma X, Xiang YT, Li SR, Xiang YQ, Guo HL, Hou YZ, Cai ZJ, Li ZB, Li ZJ,
Tao YF, Dang WM, Wu XM, Deng J, Ungvari GS, Chiu HF: Prevalence and
sociodemographic correlates of depression in an elderly population
living with family members in Beijing, China. Psychol Med 2008,
38(12):1723-1730.
24. Mukamal KJ, Kawachi I, Miller M, Rimm EB: Body mass index and risk of
suicide among men. Arch Intern Med 2007, 167:468-475.
25. Wong PW, Chan WS, Chen EY, Chan SS, Law YW, Yip PS: Suicide among
adults aged 30-49: a psychological autopsy study in Hong Kong. BMC
Public Health 2008, 8:147, electronic article.
26. Yeung JH, Chang AL, Ho W, So FL, Graham CA, Cheng B, Cheung NK,
Ho HF, Yuen WK, Kam CW, Rainer TH: High risk trauma in older adults in
Hong Kong: a multicentre study. Injury 2008, 39(9):1034-1041.
27. World Health Organization: Suicide and suicide prevention in Asia, Geneva
2008.
28. World Health Organization Representative Office in China: Injury
prevention. [http://www.wpro.who.int/china/sites/injury_prevention/].
29. Mann JJ, Apter A, Bertolote J, Beautrais A, Currier D, Haas A, Hegerl U,
Lonnqvist J, Malone K, Marusic A, Mehlum L, Patton G, Phillips M, Rutz W,
Rihmer Z, Schmidtke A, Shaffer D, Silverman M, Takahashi Y, Varnik A,
Wasserman D, Yip P, Hendin H: Suicide prevention strategies: a
systematic review. JAMA 2005, 294:2064-2074.
Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2458/11/56/prepub
doi:10.1186/1471-2458-11-56
Cite this article as: Rebholz et al.: Mortality from suicide and other
external cause injuries in China: a prospective cohort study. BMC Public
Health 2011 11:56.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Rebholz et al. BMC Public Health 2011, 11:56
http://www.biomedcentral.com/1471-2458/11/56
Page 10 of 10